Introduction {#sec1_1}
============

Since its outbreak, coronavirus disease 2019 (COVID-19) has claimed over 200,000 lives worldwide, disrupted livelihoods, and devastated the global economy. End-stage kidney disease (ESKD) patients are vulnerable due to intrinsic immunosuppression in addition to multiple comorbidities. There is a lack of clinical management strategies for COVID-19 in these patients. We report our experience in treating the first case of COVID-19 in a hemodialysis (HD) patient in Singapore and propose a clinical workflow. We found that early recognition and intervention are keys to disease mitigation and mortality reduction.

Case Presentation {#sec1_2}
=================

A 45-year-old Singaporean Chinese female with ESKD secondary to presumed diabetic kidney disease on HD thrice a week via a right brachiocephalic arteriovenous fistula since January 2013 presented to the emergency department in March 2020 with a 2-day history of acute respiratory infection symptoms, fever, productive cough, rhinorrhea, and myalgia. She sought medical attention and was promptly admitted.

On admission, apart from four episodes of loose stools, she was clinically well without evidence of hemodynamic compromise. Her lungs were clear on auscultation and her chest X-ray (CXR) findings were unremarkable (Fig. [1a](#F1){ref-type="fig"}). Laboratory results revealed a total white cell count of 9.42 × 10^9^/L with mild lymphopenia 0.54 × 10^9^/L, ferritin 1,225 μg/L, and lactate dehydrogenase (LDH) 684 U/L. Nasopharyngeal swabs were performed using the locally developed Fortitude Kit 2.0 (Agency for Science, Technology and Research, Singapore), which runs on a reverse transcription polymerase chain reaction (PCR) method of detecting SARS-CoV-2 genetic material. Due to high clinical suspicion for COVID-19, when her first nasopharyngeal swab returned negative, further sputum, serum, and stool PCR samples were obtained while awaiting repeat nasopharyngeal swab results. All further samples subsequently returned positive. Her other comorbidities included well-controlled type 1 diabetes mellitus, hypertension, dyslipidemia, and ischemic heart disease. Of note, her mother who resided in the same household had developed fever 5 days prior and was later diagnosed with COVID-19.

Clinical Course {#sec1_3}
===============

Management of Acute Respiratory Distress Syndrome {#sec2_1}
-------------------------------------------------

On day 4 of admission, she developed respiratory distress and hypoxemia requiring 2 L of oxygen via nasal prongs. A repeat CXR revealed new left upper zone consolidation (Fig. [1b](#F1){ref-type="fig"}). She was transferred to the medical intensive care unit (ICU) for further monitoring. She continued to require low-flow oxygen supplementation to maintain her saturations. As her condition remained stable, she was transferred back to the general ward on day 6. The next day, she rapidly deteriorated into severe acute respiratory distress syndrome. She was intubated and initiated on protective low-flow tidal volume mechanical lung ventilation and vasopressor support. This time, her CXR revealed widespread bilateral infiltrates (Fig. [1c](#F1){ref-type="fig"}). As she had high ventilatory requirements with persistent hypoxia despite 100% fraction of inspired oxygen (FiO~2~) as well as positive end-expiratory pressure of 18 cm H~2~O on assist control ventilation, a decision for early neuromuscular blockade and prone positioning was made. Despite this, she remained in hypercapnic failure, meeting the indications for extracorporeal membrane oxygenation. However, she was deemed unsuitable due to underlying venous access issues and was continued on supportive therapy. She had a history of central vein stenosis which required stenting of the right subclavian vein and superior vena cava. On her most recent computed tomography (CT) central venogram done in September 2019, there had already been a 50--70% luminal in-stent stenosis. Additionally, she also had chronic right internal jugular vein occlusion. She started to show clinical improvement on day 9, was extubated on day 11, and was transferred to the general ward on day 13 (Fig. [2](#F2){ref-type="fig"}).

Dialysis Support {#sec2_2}
----------------

While in the general ward, she was clinically euvolemic and underwent conventional dialysis to her dry weight of 60 kg. While in the medical ICU, she was converted to continuous venovenous hemodiafiltration (CVVHDF) with regional citrate anticoagulation and a calculated effluent dose of 30 mL/kg/h for 55 h with one episode of filter clotting at 4 h in between. She was kept on even balance for the first 24 h and subsequently placed on a net fluid removal rate of 50 mL/h to optimize ventilation once her hemodynamics had stabilized. Intermittent dialysis was resumed after extubation and weaning of vasopressor support.

Recovery {#sec2_3}
--------

The patient was deisolated after two negative nasopharyngeal PCR test taken 24 h apart had been obtained on days 28 and 29. Notably, her nasopharyngeal PCR test returned negative on day 21 but turned positive again on day 22.

Treatment Agents {#sec2_4}
----------------

The patient was persistently febrile until day 10 and a trial of therapeutics was administered given rapid deterioration of clinical status. This included a single dose of oral Kaletra® (lopinavir 200 mg, ritonavir 50 mg), oral hydroxychloroquine (400 mg daily for 2 days then 200 mg twice a day for 6 days), and subcutaneous beta-interferon 1B (250 μg daily) for 5 days. Therapeutics were stopped early in view of clinical improvement.

Discussion {#sec1_4}
==========

Our experience in managing this case highlights several learning points in diagnosis and management.

Diagnosis and Clinical Manifestations {#sec2_5}
-------------------------------------

The patient\'s initial normal CXR was falsely reassuring and inadequate to differentiate between mild and severe-type COVID-19 disease. In February 2020, the Chinese Society of Radiology published guidelines suggesting that CT imaging improves the accuracy of COVID-19 diagnosis and that further CT image visuals aid in the quantification of disease severity \[[@B1]\]. However, this is not widely adopted in local practice due to resource constraints and infectious control reasons.

It is unclear why her first nasopharyngeal PCR test returned negative. We postulate that viral shedding may not have reached the PCR kit detection limit or that the initial swab was inadequately performed. Nonetheless, the locally developed kits have been validated in Singapore and manufactured according to regulations. The analytical limit of detection of the Fortitude Kit is 25 copies per reaction \[[@B2]\]. Alternatively, this could have been a false-negative result; as the incidence of COVID-19 increases, the negative predictive value of the test kit decreases, but exact epidemiological data for this are lacking.

There are controversies regarding the clinical course of COVID-19 in ESKD patients. A case series of an outbreak in a dialysis center in Wuhan, where HD patients were observed to have a milder disease course or total absence of symptoms with lower levels of serum inflammatory cytokines, suggested that this is due to the inability to mount an effective cellular immune response and hence an absence of cytokine release syndrome \[[@B3]\]. However, our patient had a rapid and fulminant disease course. So far, there are no specific studies using biomarkers to predict the risk of deterioration among COVID-19 ESKD patients, although ferritin and LDH have been found in many studies to be associated with severe illness and mortality in COVID-19 \[[@B4], [@B5]\]. Our patient did have high LDH and ferritin on admission. A study to address the correlation between biomarkers and disease severity in ESKD patients is urgently warranted.

The symptoms of COVID-19 are highly variable and, as with all viruses, self-limiting \[[@B6]\]. The major clinical patterns include mild acute respiratory infection, nonfatal pneumonia, and acute respiratory distress syndrome. Infrequently, gastroenteritis may precede respiratory symptoms \[[@B6]\]. While a large majority of cases develop mild disease and recover, the individual patient trajectory tends to wax and wane, and progression to critical disease is unpredictable, as with this case \[[@B6]\]. Our patient had a biphasic clinical evolution where she had mild symptoms that transiently improved before deterioration into critical disease. This clinical pattern has also been described in other studies and in some cases, despite conversion to PCR negativity \[[@B7]\]. This is hypothesized to be a two-phase immune response with initial adaptive immunity to eliminate the virus, resulting in mild symptomology and a subsequent cytokine release syndrome with persistent viral infection leading to critical disease \[[@B7]\].

Risk factors for severe COVID-19 illness include older age and chronic conditions, especially chronic kidney disease as well as respiratory and cardiovascular disease \[[@B8]\]. The estimated mortality rate of 3--6% in COVID-19 is lower compared to Middle East respiratory syndrome coronavirus (MERS-CoV) (35%) and severe acute respiratory syndrome coronavirus (2003 SARS-CoV) (10%) \[[@B9]\]. In contrast, the mortality rate in HD patients with COVID-19 is up to 30% as reported in the Italian and Spanish cohorts \[[@B10], [@B11]\].

Prolonged viral shedding is not unexpected in these patients as this has also been observed in other immunocompromised patients with COVID-19. During the previous 2003 SARS-CoV outbreak, dialysis patients were noted to have persistent viral shedding of up to 8 weeks \[[@B12]\]. Arguably, a positive viral PCR test does not equate the presence of live viruses and therefore may not translate to infectivity. However, there is no robust method to prove this for COVID-19 disease, and those in convalescence may still be infectious. Given the highly contagious nature of this disease, we keeping PCR-positive patients isolated in an effort to contain the pandemic. This will result in prolonged hospitalizations and consequent strain on healthcare resources. Nonetheless, caution must be exercised when deisolating ESKD patients to mitigate disease spread at outpatient dialysis centers, given the possibility of re-emergence of viral shedding after an initial period of negativity, as with this case.

A few speculations can be made about the fluctuant PCR results. We postulate that the sampling method could have been inadequate and highlight the importance of repeat sampling to ensure accuracy of a true-negative test. Perhaps a combination of PCR samples from different sites could also be obtained to maximize sensitivity; however, this should be weighed against resource management. Secondly, this could reflect reinfection. During the 2003 SARS-CoV outbreak, Lin et al. \[[@B13]\] found that neutralizing antibodies are acquired late after recovery. However, our patient showed continued clinical improvement with resolution of symptoms, hence reinfection is unlikely.

Clinical Management {#sec2_6}
-------------------

Nonpharmaceutical interventions remain pivotal as there are still no licensed therapeutics, and current agents are administered based on in vitro and observational studies. Although it is unclear whether the therapeutics administered benefited our patient significantly, they did not result in harm. As we await definite results from ongoing trials, it is reasonable to administer a treatment regimen based on current observations of efficacy. Given the potential for rapid deterioration, early recognition, intervention, and escalation of care to a controlled ICU setting where adjunctive measures are readily available are paramount to avoid delays in treatment. There is a need to further streamline protocols to facilitate effective resource planning and mitigation strategies in the face of overwhelming demands. We examined international guidelines provided by different centers \[[@B14]\] and proposed a workflow based on the time points of the clinical course of COVID-19 disease in ESKD patients (Fig. [3](#F3){ref-type="fig"}). We define critical COVID-19 disease as severe respiratory infection requiring mechanical ventilation.

Pre-Critical Phase {#sec2_7}
------------------

During this nonsevere symptomatic phase, the focus lies mainly on infection control and early recognition of clinical deterioration with escalation of care. COVID-19-positive patients should undergo dialysis in an isolation facility with separate dialysis machines. Medical personnel attending to the patient should don full personal protective equipment. As ESKD patients have lower reserves alongside multiple comorbidities, deterioration if imminent will be rapid. Hence, we recommend management in an inpatient setting where escalation of care can be facilitated. Additionally, we recommend to aim towards euvolemia or a slight volume contracted state during conventional HD to avoid confounding respiratory symptoms. Bearing in mind imminent resource scarcity and medical staff fatigue, patients should be cohorted in the same area in a bid to minimize unnecessary exposure for noninfected persons and to maximize effective resource use such as re-usage of personal protective equipment components or cohorting of dialysis machines.

Critical Phase {#sec2_8}
--------------

In our institution, we advocate a model of early intensive care and mechanical ventilation. Patients with COVID-19 pneumonia requiring any level of supplemental oxygen to maintain saturations \>92% are nursed in the ICU. Orotracheal intubation is recommended at FiO~2~ requirements of ≥0.4. The subsequent acute respiratory distress syndrome management is otherwise as per standard guidelines.

We recommend simplification of dialysis prescriptions to minimize nursing exposure to the patient. For continuous renal replacement therapy, the key principles are to maximize filter life and reduce dialysate expenditure. Continuous venovenous HD or predilution continuous venovenous hemofiltration/CVVHDF should be instituted to minimize filtration fraction. This is to be carried out at the minimum required effluent dose. In our case, we faced issues with filter clotting on CVVHDF which resulted in additional nursing exposure to the patient. Alternatively, prolonged intermittent renal replacement therapy can be considered to free dialysis machines for use. Anticoagulation should be used unless otherwise contraindicated. We recommend restrictive fluid management as soon as hemodynamics allow to optimize ventilation, facilitate extubation, and reduce the need for additional intermittent dialysis sessions as the patient\'s condition improves.

Attention should be directed towards preserving vascular access sites and resources for these patients as well. We advocate for catheter exchange or early conversion to a tunneled catheter when there is catheter dysfunction rather than reinsertion at multiple sites as far as the clinical condition allows. Right internal jugular access is preferred to avoid re-siting in the event that prone positioning has to be undertaken.

Recovery Phase {#sec2_9}
--------------

During this phase, infection control and mitigation strategies are paramount. Patients should remain segregated until there is consistent absence of viral shedding. We recommend deisolation only when there is sustained defervescence for ≥72 h, resolution of respiratory symptoms for ≥72 h (for example the absence of cough or shortness of breath), at least 10 days have passed since symptoms first arose, and at least two consecutively negative nasopharyngeal PCR test taken 24 h apart. This is in reference to the Centers for Disease Control and Prevention guidelines \[[@B15]\]. Until then, dialysis should be continued in an isolation facility. As viral shedding is expected to be prolonged, a strategy to conserve hospital resources in these otherwise clinically well patients includes stepdown care to a community isolation facility. Such patients should also be cohorted at a specific community dialysis center with personal transportation using a fixed route.

Conclusions {#sec1_5}
===========

Our patient developed severe manifestations of COVID-19 but made a full recovery with supportive care. Due to prolonged viral shedding, she had a month-long hospitalization. With the protracted pandemic, the number of affected HD patients is only expected to rise, with potential outbreaks within dialysis centers, placing a threat to healthcare resources and dialysis logistics; this is already imminent in other larger countries where critical care facilities fall short of demand, resulting in suboptimal care. Center-specific protocols should be adopted to facilitate effective resource planning and mitigation strategies in the face of overwhelming demands.
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